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scale:	 roasted	 sunflower	kernel	 biscuits,	 sunflower	 spreadable	 cream	 filled	biscuits,	 hummus,	 sunflower	paste	
coated	in	chocolate,	sunflower	kernel	chikki	and	bars,	as	well	as	an	innovative	ecological	package	based	on	the	
resulting	sunflower	husks	and	a	starch	adhesive.	
Keywords: sunflower kernel; sunflower husks; ecological packaging; sunflower paste; tahini; halva.
INTRODUCTION
Sunflower	 is	one	of	 the	major	oilseeds	crops	
ranking	 fourth	 with	 a	 worldwide	 production	 of	
about	 37.07	 million	 metric	 tons	 in	 2012	 (FAO-
Stat,	 2013).	 Furthermore,	 it	 is	 the	 basic	 oil-crop	
in	 Romania,	with	 a	 dynamic	 increase	 of	 oil	 seed	
production	(Păcureanu-Joiţa	et al.,	2007).	
Sunflower	seeds	are	a	functional	food,	excellent	
source	 of	 phytochemicals	 such	 as	 tocopherols,	
choline,	 betaine,	 lignin,	 phenolic	 acids	 and	
arginine.	 Also,	 unsaturated	 fatty	 acids,	 proteins,	
a	 variety	 of	 vitamins	 (E,	 niacin,	 pyridoxine,	
pantothenic	and	folic	acid)	and	minerals	(calcium,	
copper,	 iron,	 magnesium,	 selenium,	 potassium,	
sodium	 and	 zinc)	 are	 the	 important	 nutrients	
found	 in	 sunflower	 kernels.	 Moreover,	 a	 recent	
study	(Nandha	et al.,	2014)	claims	that	„Sunflower	
plant	 (Helianthus annuus)	 is	 a	 miraculous	 oil	
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seed	 crop	 [...]	 which	 seeds,	 a	 nutrient	 dense	
food	 has	 been	 found	 to	 have	 a	 potential	 role	 in	
chronic	 inflammatory	 conditions,	 bacterial	 and	
fungal	 infections,	 cardiovascular	 diseases	 and	
even	cancers”.	 It	 is	 capable	of	preventing	 several	
diseases	 such	 as	 hypercholesterolemia,	 arterial	
hypertension,	 obesity	 and	 cancer	 due,	 among	
other	 factors,	 to	 its	 antioxidant	 capacity	 (de	
Lourdes	Reis	Giada,	2011).	Thus,	 the	therapeutic	
potential	 of	 sunflower	 seeds	 can	 be	 deducted	
(Nandha	 et al.,	 2014).	 Sunflower	 seeds	 are	
considered	to	be	an	important	source	of	vegetable	
protein	which	can	be	used	as	a	new	ingredient	in	







flavour	 and	 a	 nutty	 texture,	 adding	 a	 unique	
mild	 taste.	 Moreover,	 roasted	 peanuts,	 almonds,	
hazelnuts	 or	 cashew	 nuts	 are	 popular	 snacks	
foods	 but	 are	 costly;	 sunflower	 kernels	 serve	










design	 of	 healthy	 snacks’	 recipes.	 According	 to	
medical	data,	is	estimated	that	2-4%	of	adults	have	
food	allergies,	a	higher	frequency	being	recorded	
in	 children,	which	prevalence	of	 food	allergies	 is	
ranging	between	6%	and	8%	(www.omicsonline.
org).	
While	 the	 classic	 sunflower	 seed	 industrial	
manufacturing	 is	 focused	 to	 obtain	 sunflower	
oil	or	bio	diesel	(Grompone,	2011),	our	goal	was	
to	 reorient	 its	 use	 to	 confectionery	 area.	 In	 this	
field,	 the	 nutritional	 qualities	 of	 sunflower	 can	










Sunflower Kernel with Several Techno-
logical Applications
Various	 sunflower	 kernel	 food	 applications	
were	proposed	by	obtaining	the	related	prototypes	
at	 pilot	 plant	 scale:	 hummus,	 sunflower	 kernel	
chikki,	 roasted	 sunflower	 kernel	 biscuits,	
sunflower	 spreadable	 cream	 filled	 biscuits,	










of	 tannin-based	 adhesives	 for	 particleboard.	 The	
experiments	with	(+)-catechin	as	a	tannin	model	
compound	 indicate	 that	 the	 subsequent	 slow	
increase	of	viscosity	of	the	solution,	appears	to	be	due to a tannin autocondensation reaction caused 
by	cleavage	of	the	etherocyclic	rings	of	a	certain	of	
the	tannins’	flavonoid	units.	This	environmentally	
friendly	 adhesive	 substitutes	 the	 polyphenolic	
formaldehyde	 by	 using	 natural	 and	 non-toxic	
materials.	 In	the	current	study,	 the	objective	was	
achievable	 by	 replacing	 formaldehyde,	 used	 in	
synthetic	 adhesives,	with	 tannins	 extracted	 from	
sunflower	 husks.	 Tannins	 extract	 is	 required	 in	
order	 to	 increase	 the	 strength	 of	 the	 adhesive.	
The	 tannins	 were	 extracted	 by	 boiling	 part	 of	
husks	 with	 water	 (1:1).	 The	 obtained	 adhesive	
was	 derived	 from	 an	 adhesive	 used	 as	 an	
environmentally	 friendly	 alternative	 to	 obtain	
plywood	 (Moubarik	et al.,	 2010).	The	most	used	
adhesives	at	present	are	formaldehyde-based	such	
as	 phenol-formaldehyde	 and	 urea	 formaldehyde	
resins.	 Those	 are	 obtained	 from	 non-renewable	
resources	 such	 as	 petroleum	 and	 natural	 gas.	
Another	 inconvenience	 is	 the	 fact	 that	 these	
compounds	 are	 toxic	 and	 they	 affect	 the	 people	
that	 are	 working	 with	 these	 products.	 Several	
methods	 were	 tried	 to	 replace	 formaldehyde	
content	 from	 adhesives	 (Khan	 et al.,	 2004).	 One	
of	 the	most	 economical	methods	 engaged	 starch	
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and	 condensed	 tannins	 (Imam	 et al.,	 1999).	
Sunflower	 husks	 tannins,	 together	 with	 starch	
and	 sodium	 hydroxide,	 have	 similar	 properties	




with	 sunflower	husks	due	 to	 their	high	 cellulose	
content.	 It	manages	 to	break	 through	cracks	and	
pores	 forming	 strong	 and	 stable	 bonds	 like	Wan	
der	Vaals	bonds	(Moubarik	et al.,	2010).	Another	
important	 factor	 in	 the	 final	 form	 and	 structure	
of	 the	 package	 is	 the	 temperature.	 Therefore,	 in	
order	to	facilitate	the	adhesive	drying	and	package	
compaction,	 this	 was	 introduced	 in	 an	 oven	 at	
40°C	for	24	hours.
Sunflower Tahini and Halva production 
and characterization
Sunflower	 kernels	 were	 industrially	 roasted	
in	a	continuous	roasting	drum.		Raw		and	roasted	
kernels	were	pressed	at	pilot	plant	scale	by	using	
a	 laboratory	 in	 house	 made	 expeller.	 Partially	
defatted	 sunflower	 paste	was	 obtained	 from	 the	
press	 cakes	 by	 employing	 a	 Ball	 mill	 WAFA20	
(Mazzetti	Renato,	Italy)	using	either	raw	or	roasted	
kernel.	Different	 fat	 content	 tahini	 samples	were	
obtained	by	adding	the	required	amount	of	oil	to	
the	 partially	 defatted	 paste.	 Tahini	 samples	 fat	
content	 ranged	 from	 45	 to	 60%	 (coded	 S45%,	
S50%,	S55%	and	S60%	for	raw	kernel	and	S45%R,	
S50%R,	 S55%R	 and	 S60%R	 for	 roasted	 kernel).	
Tahini	 stability	 during	 storage	 was	 assessed	 as	
described	by	Mureșan	et al.	(2015a)	by	using	the	
equation	CS [%] ={(Ht-Ho)/Ht}•100,	where	Ho	 is	
height	of	oil	phase	at	the	top	of	the	tubes	(Figure	
3a	 and	 3b)	measured	with	 a	micrometer	 during	
storage,	and	Ht	the	total	height	of	sunflower	tahini	
samples	in	the	test	tubes	assessed	initially.
Halva	 was	 produced	 at	 laboratory	 scale	 by	
kneading	 sugar-glucose	 traditionally	 obtained	
nougat	(Mureșan	et al.	2015b)	with	different	tahini	
samples	obtained	previously.	The	resulting	halva	
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mm,	Trigger	Load	5	g,	the	results	being	processed	
by	 Texture	 Pro	 CT	 Software.	 During	 storage,	 the	
colloidal	 stability	was	 assessed	 by	 a	 gravimetric	
technique,	 similar	 to	 Mureșan	 et al.	 (2015b)	




periodically	 being	 gravimetric	 quantified.	 The	
results	were	expressed	in	percent	stability.	
RESULTS AND DISCUSSION
Sunflower Kernel with Several 
Technological Applications
As	 shown	 in	 Figure	 1,	 the	 hummus	 was	
manufactured	from	boiled	and	soaked	chickpeas,	
roasted	sunflower	kernel	paste	(instead	of	tahini	





2	show	a	proposal for industrial scale production 
together	with	the	obtained	products.
Sunflower	 kernel	 chikki	 was	 obtained	
from	 roasted	 whole	 sunflower	 kernels	 mixed	
with	 sugar	 syrup	 (90-92°Bx)	 prepared	 from	
water,	 sugar,	 glucose	 and	 lemon	 juice.	After	 rest,	
composition	 hardens	 and	 becomes	 crunchy. 
Sunflower	 spreadable	 cream	 filled	 biscuits	 were	
obtained	 from	sunflower	kernel	paste,	 rice	 flour,	
cornstarch,	 sugar,	water,	 lemon	 juice	and	vanilla.	
After	 combining	 all	 the	 ingredients	 the	 dough	
was	allowed	to	stand	for	about	4-10	hours.	Then	
the	biscuits	were	shaped	and	baked	at	180˚C	 for	
10	 min.	 The	 biscuits	 were	 filled	 with	 a	 special	
carob	 spreadable	 cream,	 obtained	 from	 roasted	
sunflower	kernels,	carob	powder,	sugar,	palm	oil,	
and	lecithin	as	described	by	Racolţa	et al.	(2014).	
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preheated	oven	at	180˚C	for	10	min	until	firm	to	the	
touch.	For	the	sunflower	paste	coated	in	chocolate,	
it	was	 used	 dark	 chocolate	 obtained	 from	 cocoa	







second	 layer	 of	 chocolate.	 The	 sunflower	 kernel	




A	 suitable	 package	 provides	 the	 product	 a	
high	 shelf	 life,	 optimal	 storage	and	handling	and	
an	 attractive	 appearance	 which	 can	 positively	
influence	 the	 product	 sales.	 A	 package	 made	
from	 by-products	 will	 be	 appreciated	 by	 all	 the	
people	aware	of	the	environmental	issues	around	
the	 world	 and	 of	 the	 sustainability	 problems,	
strengthening	 products	 eco-innovative	 character.	
In	 the	 current	work,	 the	 eco-innovative	 package	
was	 obtained	 by	 using	 the	 husks	 by-product	
resulting	 from	 the	 processing	 of	 the	 sunflower	
seeds	into	kernels.	The	husks	represent	in	average	
20-30%	 of	 the	 sunflower	 seeds	 weight.	 Each	
year	sunflower	seeds	processing	produces	 large-
scale	 wastes	 of	 husk	 which	 are	 mostly	 burned	
(Zemnukhova	 et al.,	 2013).	 As	 an	 indication,	 in	
2013,	 there	 were	 439	 290	 tons	 of	 by-product,	
about	61.5	tons	per	day	in	only	a	Romanian	factory	
(www.agro-business.ro).	 Depending	 on	 growing	
conditions	and	the	growing	area,	the	husks	contain	
a	 variety	 of	 plant	 nutrients	 and	micro	 elements.	
Consequently,	the	main	utilization	regarding	their	
ash	potential	 is	 to	be	used	as	a	soil	 fertilizer,	 the	
composition	 of	 sunflower	 husk	 being:	 S	 –	 0.2%,	
C	 –	42.5%,	H	 –	4.9%,	N	 –	0.4%,	O	 –	34.6%	with	
a	 volume	of	 volatility	 of	78.4%	 (www.netinform.
net),	 resulting	 35%	 ash	 and	 35	 %	 combustible	
gases,	7%	tars,	acetic	oxyd	5	%	and	1,5	%	methilic	
alchoohol,	 which	 pollute	 the	 atmosphere	 and	
increase	the	carbon	footprint.
The	package	is	ecological	due	to	the	simple	and	
easily	 obtained	 raw	 materials:	 sunflower	 husks,	
corn-starch,	 distilled	 water,	 sodium	 hydroxide,	
and	 sunflower	 husks	 tannins	 extract.	 It	 is	 easy	
to	 obtain	 it,	 does	 not	 require	 special	 conditions	
during	 the	 obtaining	 process,	 does	 not	 use	 toxic	
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Different Fat Content Sunflower Tahini and 
Halva Properties
Oil separation
Sunflower	 tahini	 fat	 content	 had	 a	 high	
influence	 on	 the	 oil	 separation	 phenomenon	 on	
the	top	of	tahini	storage	tubes,	as	shown	in	Figure	
3a	 and	 3b.	 Whatever	 the	 storage	 temperature	
(room	 temperature	 or	 40°C)	 or	 the	 kernels	
thermal	 treatment	 (raw	 or	 roasted),	 tahini	
samples	 containing	 45%	 fat	 showed	 a	 very	 high	
colloidal	 stability,	with	 values	 between	 99.2	 and	
99.71%	 after	 7	 months	 of	 storage	 (Figure	 4a	
and	 4b).	 Increasing	 tahini	 fat	 content	 decreased	
its	 colloidal	 stability,	 the	 samples	 with	 60%	 fat	
content	 showing	 the	 lowest	 stabilities	 (Figure	
4a	 and	 4b).	When	 60%	 fat	 tahini	 samples	 were	
stored	at	room	temperature,	the	samples	obtained	
from	 raw	 kernel	 showed	 the	 lowest	 stability	
(92.55%)	 after	 7	 months	 storage,	 compared	 to	
the	ones	obtained	from	roasted	kernel	(95.21%).	
This	 could	 be	 explained	 by	 the	 oil	 continuous	
phase	 higher	 viscosity	 of	 the	 tahini	 obtained	
from	 roasted	kernels,	 determining	 thus	 a	 slower	
sedimentation.	 The	 thermal	 treatment	 applied	
to	 the	 kernels	 (roasting)	 increased	 oxidation	
products,	determining	a	higher	viscosity.	However,	
when	 60%	 fat	 tahini	 samples	 were	 stored	 at	
40°C,	 the	samples	obtained	from	roasted	kernels	
showed	the	lowest	stability	(94.65%),	evidencing	
the	 fact	 that	 oil	 continuous	 phase	 viscosity	 was	
decreased	by	increasing	the	storage	temperature.	
The	 colloidal	 stability	 trend	 showed	 for	 tahini	
samples	 as	 a	 function	 of	 oil	 content	 was	 found	
for	 the	 correspondent	 sunflower	 halva	 samples	
obtained	from	each	tahini	sample.
Halva texture profile and sensory analysis
Texture	 Profile	 Analysis	 for	 different	 fat	
content	 sunflower	 halva	 samples	 obtained	
from	 raw	 and	 roasted	 sunflower	 kernels	 are	
presented	on	Figure	5a	and	5b,	evidencing	a	high	
dependence	on	the	tahini	fat	content	and	a	slight	
influence	 of	 the	 kernels	 thermal	 treatment.	 The	
halva	manufactured	from	45%	fat	tahini	samples,	
as	 well	 as	 the	 control	 halva	 showed	 a	 similar	
texture	profile	with	the	first	peak	load	(hardness)	




55%	 samples	 together	 with	 the	 control	 halva	
showed	 somehow	 a	 similar	 trend	 with	 higher	
load	 values.	 As	 expected,	 increasing	 tahini	 fat	
content	 determined	 halva	 samples	 with	 lower	
hardness	values,	no	matter	the	thermal	treatment	
applied	to	the	kernels.	However,	the	halva	samples	
manufactured	 from	 50%,	 55%,	 60%	 fat	 content	
tahini	 obtained	 from	 raw	 kernels	 showed	 lower	
hardness	 values	 as	 compared	 with	 the	 roasted	
kernels	ones.	This	could	be	explained	by	the	changes	
in	 protein	 structure	 (coagulation)	 and	 lipids	
(oxidation)	 determined	 by	 the	 kernels	 thermal	
treatment	 (roasting).	 The	halva	 sample	 obtained	
from	 60%	 fat	 tahini	 of	 raw	 kernel	 showed	 the	
lowest	hardness	values	for	both	the	first	(~500g)	
and	second	peak	(~450g).	This	halva	sample	was	
also	 the	 most	 appreciated	 in	 the	 sensory	 test,	
receiving	 the	 highest	 general	 acceptance	 score	
7.62	 (Figure	 6a),	 the	 panelists	 appreciating	 also	
its	individual	sensory	characteristics	(Figure	6b).	
These	 results	 emphasis	 the	 importance	 of	 the	
MUREŞAN et al.
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While	 the	 classic	 sunflower	 seeds	 industrial	
processing	is	focused	on	obtaining	sunflower	oil	or	
bio	diesel,	the	research	done	in	this	paper	propose	
a	 new	 approach	 by	 fully	 using	 the	 sunflower	
seeds	 in	 food	 industry.	Various	 sunflower	kernel	
food	applications	were	proposed	by	obtaining	the	
related	 prototypes	 at	 pilot	 plant	 scale:	 roasted	
sunflower	 kernel	 biscuits,	 sunflower	 spreadable	
cream	 filled	 biscuits,	 hummus,	 sunflower	 paste	
coated	 in	 chocolate,	 sunflower	kernel	 chikki	 and	
bars,	 as	well	 as	an	 innovative	ecological	package	
based	 on	 the	 resulting	 sunflower	 husks	 and	 a	




Increasing	 tahini	 fat	 content	 decreased	 its	
colloidal	 stability,	 the	 samples	 with	 60%	 fat	
content	 showing	 the	 lowest	 stabilities,	 while	
samples	 with	 45%	 fat	 showed	 the	 highest	
stabilities,	whatever	the	kernel	thermal	treatment.	
The	 colloidal	 stability	 trend	 showed	 for	 tahini	
samples	 as	 a	 function	 of	 fat	 content	 was	 found	
for	 the	 correspondent	 sunflower	 halva	 samples	
obtained	 from	 each	 tahini	 sample.	 As	 expected,	
increasing	 tahini	 fat	 content	 determined	 halva	
samples	 with	 lower	 hardness	 values,	 no	 matter	
the	thermal	treatment	applied	to	the	kernels.	The	
halva	 with	 the	 lowest	 hardness	 value	 obtained	
from	 TPA	 was	 the	 most	 appreciated	 sample	 in	
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